Regulation and role of guanylate cyclase-cyclic GMP in vascular relaxation.
Three classes of vasodilators mediate their effects through the activation of guanylate cyclase and the increased synthesis of cyclic GMP. Nitrovasodilators such as nitroglycerin, nitroprusside, hydroxylamine, azide, etc. result in the generation of the nitric oxide free radical that activates the cytosolic (soluble) isoenzyme form of guanylate cyclase. These agents have been useful in increasing cyclic GMP synthesis in numerous model systems and these effects are independent of extracellular calcium. The increased synthesis of cyclic GMP and the activation of cyclic GMP-dependent protein kinase result in the altered phosphorylation of many smooth muscle proteins including the dephosphorylation of myosin light chain, which is associated with vascular and tracheal smooth muscle relaxation. These latter effects may result from cyclic GMP decreasing cytosolic free calcium concentrations and the activity of myosin light chain kinase. Another class of vasodilators, designated endothelium-dependent vasodilators, includes a long list of agents such acetylcholine, histamine, A23187, ATP, thrombin, etc. that relax vessels only when the endothelium is intact. These agents result in the increased endothelial synthesis and/or release of a factor(s) designated endothelial-derived relaxant factor (EDRF), the structure of which is unknown. This labile factor also activates the soluble isoenzyme form of guanylate cyclase in the smooth muscle resulting in cyclic GMP accumulation and the same cascade of events as above. There is evidence that even under basal, non-stimulated conditions there is EDRF release that influences vascular tone due to the increased synthesis of cyclic GMP. A third class of vasodilators, atrial natriuretic factor (ANF) or atriopeptins, includes a family of peptides that are produced in cardiac atria and other tissues and influence cardiovascular volume and dynamics by causing natriuresis, diuresis, vasodilation and decreased renin, aldosterone and vasopressin secretion. These peptide hormones also increase cyclic GMP synthesis in vascular, renal, adrenal and other tissues. These effects are mediated through specific ANF receptors that couple to and activate the membrane (particulate) isoenzyme form of guanylate cyclase and increase cyclic GMP-dependent protein kinase activity. There are two ANF receptor subtypes in most cells and tissues that are 130,000 and 66,000 daltons. The ANF receptor of about 130,000 daltons, designated receptor ANF-R1 copurifies with particulate guanylate cyclase through numerous procedures and may be part of the membrane-associated guanylate cyclase complex.(ABSTRACT TRUNCATED AT 400 WORDS)